Dispersion Relation of the Nonlinear CSP
In general, a transverse magnetic (TM) polarized incident EM wave with frequency ω 1 can excite a traditional CSP mode with frequency ω 1 at a time, as shown in Figure S1 (a), however, multifrequency EM waves mixing arising in a nonlinear process. To address it and to distinguish it from the traditional CSP, a nonlinear CSP is proposed and described in Figure S1 (b), in which a nonlinear active device (or component) is employed in each CSP unit cell structure. When a TM-polarized EM wave of frequency ω 1 incidents on the CSP structure, apart from the EM wave of frequency ω 1 , multiple harmonic signals of frequency ω 2 (ω 2 =nω 1 , n=2,3,......) with same or opposite propagation direction as the incident wave will be excited. In this case, the aforementioned nonlinear process can be proceeded. One of the most important advantages of the proposed nonlinear spoof plasmonic metamaterial is the ultra-low transmission loss. Figure S2(d) presents the numerically calculated quantitative propagation length of the symmetric and the antisymmetric CSP modes. We observe that both them have a long propagation length, i.e. 88 for  FF =3.62 GHz in the symmetric mode and -52 for  SH =7.24 GHz in the antisymmetric mode. It is noteworthy that the emergence of the negative propagation length is due to the negative group velocity of the antisymmetric mode and the introduced calculation formula of the propagation length and Im() denote the real and imaginary parts of the complex eigen-frequency respectively.
